Mindfulness-based interventions are effective for reducing depressive symptoms. However, the psychological and neural mechanisms are unclear. This study examined which facets of trait mindfulness offer protection against negative bias and rumination, which are key risk factors for depression. Nineteen male volunteers completed a 2-day functional magnetic resonance imaging study. One day utilized a stress-induction task and the other day utilized a mindful breathing task. An emotional inhibition task was used to measure neural and behavioral changes related to state negative bias, defined by poorer performance in inhibiting negative relative to neutral stimuli. Associations among trait mindfulness [measured by the Five Facet Mindfulness Questionnaire (FFMQ)], trait rumination, and negative bias were examined. Non-reactivity scores on the FFMQ correlated negatively with rumination and negative bias following the stress induction. Non-reactivity was inversely correlated with insula activation during inhibition to negative stimuli after the mindful breathing task. Our results suggest non-reactivity to inner experience is the key facet of mindfulness that protects individuals from psychological risk for depression. Based on these results, mindfulness could reduce vulnerability to depression in at least two ways: (i) by buffering against trait rumination and negative bias and (ii) by reducing automatic emotional responding via the insula.
INTRODUCTION
With our increasing knowledge of the significant impact of stress on depression and other mental disorders, it becomes more and more essential to develop methods for reducing stress and depression vulnerability. A number of mindfulness-based interventions are effective in reducing stress and promoting mental health (Hofmann et al., 2010) . Mindfulness refers to the self-regulation of attention as well as an orientation of openness, curiosity, and acceptance to all experiences (Bishop et al., 2004) . Individuals who are more mindful in daily life (high in trait mindfulness) demonstrate better psychological health (Keng et al., 2011) . In addition, numerous clinical studies have shown that Mindfulness-Based Stress Reduction and Mindfulness-Based Cognitive Therapy are effective for alleviating symptoms of medically related stress (Speca et al., 2000; Sephton et al., 2007; Rosenzweig et al., 2010) , depression (Ramel et al., 2004; Pradhan et al., 2007; Bondolfi et al., 2010; van Aalderen et al., 2011) and anxiety (Craigie et al., 2008; Evans et al., 2008; Kim et al., 2009) , with comparable efficacy as antidepressant medication (Teasdale et al., 2000; Kuyken et al., 2008; Segal et al., 2010) in preventing or delaying depression relapse. However, effect sizes for mindfulness-based interventions ranges from low to high depending on the population studied and the outcome measure used (Bohlmeijer et al., 2010; Hofmann et al., 2010) .
Variability in the efficacy of mindfulness-based interventions may be related to a number of factors, including individual differences in trait mindfulness (Shapiro et al., 2011) , varied responses to diverse mindfulness practices (Feldman et al., 2010) , as well as inconsistency in measurement and conceptualization of trait mindfulness (Kuyken et al., 2008; Deyo et al., 2009; Grossman et al., 2010) . Specific facets of trait mindfulness may be effective through distinct psychological and neural mechanisms (Holzel et al., 2011b) . Though mindfulness is often conceptualized as a unified (Brown and Ryan, 2003; Walach et al., 2006; Chadwick et al., 2008) or two-part (Bishop et al., 2004) construct, consistent subcomponents have been identified (Baer et al., 2006) . Neuroimaging studies often use a unified score to measure mindfulness and diverse cognitive and affective paradigms to examine neural mechanisms of mindfulness, which makes it difficult to interpret findings across studies. As a result, a wide range of regions have been identified, such as the dorsolateral prefrontal cortex (dlPFC) and anterior cingulate (Farb et al., 2007; Short et al., 2010) , posterior cingulate, inferior or superior parietal lobe, insula (Brefczynski-Lewis et al., 2007; Hölzel et al., 2011a) and amygdala (Goldin and Gross, 2010) , which highlights the need of studies exploring neural mechanisms of the subcomponents of mindfulness.
Discovering which components underlie the cognitive and emotional benefits mindfulness confers is vital to improving existing interventions or developing new interventions. The Five Facet Mindfulness Questionnaire (FFMQ) (Baer et al., 2006 ) is a well-received measure of trait mindfulness. Its subscales, as identified by factor analysis, include the following: non-reactivity to inner experience (non-reactivity), observing sensations/thoughts/feelings (observe), acting with awareness and concentration (act with awareness), describing experiences with words (describe) and non-judging of inner experience (non-judge) (Baer et al., 2006) . In addition to being interrelated, each of the five factors may be associated with unique cognitive skills. One recent study found that participants high in non-reactivity compared with participants low in non-reactivity had better performance on a cognitive control flexibility task, and participants high in observe compared with low in observe did better on two tasks measuring perceptual ability (Anicha et al., 2012) . However, it is unclear whether any of the facets of mindfulness exert a role in protecting against depression vulnerability.
Two frequently used measures of depression vulnerability are rumination and negative bias. Rumination refers to repetitive thoughts focusing on one's symptoms, causes, meanings, and consequences of depressive symptoms. Trait rumination is a core psychopathological feature of depression and anxiety, which predicts onset and maintenance of depression (Nolen-Hoeksema, 2000) . Several studies have found a decrease in rumination following a mindfulness-based intervention (Ramel et al., 2004; Jain et al., 2007; Frewen et al., 2008; Shapiro et al., 2008; Deyo et al., 2009; Raes et al., 2009; Dobkin and Zhao, 2011) . The inverse relationship between trait mindfulness and rumination (Frewen et al., 2008; Raes et al., 2009; Bränström et al., 2011; Raes and Williams, 2010 ) also suggests that mindfulness may work by reducing rumination. In addition to rumination, depressed patients show preferential bias for negative content in attention, memory and interpretation of stimuli, known as negative bias or cognitive bias (Gotlib et al., 2004; Fritzsche et al., 2010) . Experimentally, faster processing of negative stimuli and difficulty in disengaging from or in inhibiting response to negative stimuli (Joormann and Siemer, 2004; Joormann and Gotlib, 2007) has often been referred to as an indication of negative bias. Negative bias has been well documented in Beck's cognitive theory (Beck, 1987) and supported (Lyubomirsky and Nolen-Hoeksema, 1995; Nolen-Hoeksema, 1987 , 1991 Lyubomirsky et al., 1998; Joormann et al., 2010; ) as a behavioral marker of depression vulnerability. Individuals who are vulnerable to depression tend to develop negative bias under mild stress (Bolger and Schilling, 1991; Kendler et al., 2004; Wichers et al., 2007) . We reason that if mindfulness has a protective effect against depression vulnerability, individuals with high mindfulness skills may have low trait rumination and show less negative bias following a mild stressor.
In this study, we used a 2-day design to examine the impact of trait mindfulness and rumination on negative bias during an emotional inhibition task following stress vs mindfulness tasks. The go/no-go task is one of the most frequently used paradigms in studying inhibition processing (Simmonds et al., 2008) . The task requires participants to press a button to a go stimulus and withhold pressing to a no-go stimulus. Because the go stimuli appear very frequently, participants typically develop a tendency to respond to each stimulus. As a result, effort is needed to withhold the button when the infrequent no-go stimulus appears. The emotional go/no-go (EGNG) task can examine the ability to inhibit responses to negative relative to neutral stimuli by measuring relative inhibition accuracy, i.e. how accurate a participant is in withholding a response to negative vs neutral no-go stimuli (Feder et al., 2011; Gopin et al., 2011) . Negative bias, defined as poorer performance in inhibiting responses to negative relative to neutral stimuli, has been observed in depressed patients (Eugene et al., 2010; Joormann et al., 2010) . Our goal is to understand which facets of trait mindfulness confer protection from rumination and stress-induced negative bias and whether those facets are effective through 'top-down' effortful inhibition associated with greater activation in the right inferior frontal cortex (IFC), a region that has been associated with cognitive inhibition of negative stimuli (Aron and Poldrack, 2005; Dolcos et al., 2006) , or through a lesser response to negative stimuli associated with reduced activation in the affective system (i.e. amygdala and insula). The results of the study will help clarify the psychological and neural mechanisms of mindfulness and provide direction for improving existing mindfulness therapies designed to treat and prevent depression and other psychological disorders.
METHOD Participants
Because of the known variation of stress sensitivity across the menstrual cycle (Ossewaarde et al., 2010) , only male subjects were recruited in the study. Nineteen healthy male participants completed the study with mean (s.d.) age of 27.05 (7.21) years. Participants were recruited from the subject registry at the Duke-UNC Brain Imaging and Analysis Center. Individuals with magnetic resonance imaging (MRI) contraindications, current or history of neurological and psychiatric disorders, drug abuse, and current medication use were excluded from the study. The study was approved by the Duke University Health System Institutional Review Board. All participants provided written consent.
Procedures
The experiment took place over two days separated by 7-10 days. A stress induction task was administered on one day and a mindful breathing task was administered on the other day. The order of stress and mindfulness tasks was counterbalanced among the participants. Each day was composed of a pre-scan session and a functional MRI (fMRI) scan session. In the pre-scan session, participants completed the questionnaires (see the questionnaire section below), and practiced the stress or mindful breathing task as well as the EGNG task. The scanning session was composed of an anatomical scan, a resting state scan, and four pairs of stress (or mindful breathing) task and EGNG task runs (Figure 1) . To evaluate stress level, changes in heart rate, respiration rate, and cortisol level were measured during the stress and mindful breathing tasks. In addition, self-ratings of stress were obtained immediately after the completion of each stress or mindful breathing task run. Salivary cortisol levels were measured at the beginning, middle, and end of each fMRI scan session. We tried to minimize the factors affecting cortisol variation by asking subjects to abstain from caffeine, smoking and exercise 2 h prior to scanning. All fMRI scans were completed in the late afternoon because the cortisol level is relatively low and stable during these hours and is therefore more susceptible to stimulation (Jansen et al., 1998) .
Questionnaires
The Beck Depression Inventory II (Beck et al., 1996) was used to screen for depression. Participants who scored above 13 were excluded to ensure all participants had minimal depression symptoms (Beck et al., 1996) in order to reduce any confounding effects of significant depression symptoms on stress reactivity or negative bias. Additional questionnaires included the following: the FFMQ (Baer et al., 2006) , as described in the introduction, a 39-item self-report questionnaire measuring trait mindfulness; the Ruminative Response Scale (RRS) (NolenHoeksema, 1991), a 22-item self-report questionnaire to measure trait rumination and the Perceived Stress Scale (PSS, Cohen et al., 1983) to measure perceptions of life stress and coping ability. The PSS has been used in studies assessing the effectiveness of stress-reduction interventions (Holzel et al., 2010) and has been found to predict increased risk for depression (Carpenter et al., 2004) . To ensure baseline mood and state anxiety were stable between the 2 experimental days, on each experimental day prior to the fMRI session, the Positive Affect and Negative Affect Scale (PANAS) (Watson et al., 1988) and the Spielberger State and Trait Anxiety Inventory (STAI-state) (Spielberger et al., 1983) were administered.
Experimental design
The task for the scanning sessions was composed of four stress induction or mindfulness task runs paired with four EGNG task runs on each day (Figure 1) .
Stress induction task
We used a mental arithmetic (Soufer et al., 1998; Wang et al., 2005) paradigm to induce stress similar to the Trier Social Stress Test (Kirschbaum et al., 1993) . At the beginning of a run, participants were given a four-digit starting number and a two-digit integer to serially subtract from the starting number. These instructions were presented for 5 s. Participants subtracted continuously during the run which was broken into five 45 s blocks. The subtraction was temporarily paused when a fixation cross (jittered from 12 s to 16 s) was presented. Each run lasted for 5 min. At the completion of the run, participants reported the final subtraction value. Each run started with a different number and participants subtracted a different integer from the starting number during each run. Subjects were instructed to rate their stress level according to a 1-4 analogue bar (with 1 being the lowest and 4 being the highest) at the end of each induction.
Mindful breathing task
In the mindful breathing task, participants were instructed to (i) focus your attention on the bodily sensations of breathing and count breaths from 1 to 10; (ii) notice if your mind has wandered and return to counting when your mind wanders and (iii) do not be frustrated when your mind wanders, but simply return attention to breathing. These instructions mirror a commonly used mindfulness meditation practice (Hanh, 1976) . Participants practiced the mindful breathing task before beginning the scan session and were given the opportunity to ask questions or receive feedback on the task before the scan. For both tasks, participants paused from the stress or mindfulness tasks when a fixation cross was displayed on the screen.
Emotional inhibition task
There were three types of stimuli in the EGNG task, shown in Figure 1 : emotionally neutral face images, emotionally negative face images, and scrambled images of the negative and neutral face images. Emotional images were taken from the International Affective Picture System (Lang et al., 1999) , our previous experiments, and the Internet (http://www.lifestockphotos.com). In an EGNG run, the frequency of scrambled images was 80%, negative images 10%, and neutral images 10%, with negative and neutral images randomly distributed in a run. Each scrambled image was presented for 1.8 s and each negative and neutral picture was presented for 2.6 s. The task for subjects was to press a button with their right index finger (go trials) for all scramble pictures and one type of emotional face images (negative or neutral) and inhibit their response to the other type of emotional face images depending on the instructions at the beginning of the run. The duration between two face images (i.e. our interested events) was jittered from 5.4 s to 10.8 s pseudo-randomly. The jittered timing duration was the same for both negative and neutral stimuli across runs and across all participants. The run order (i.e. no-go negative or no-go neutral first) was counterbalanced across days and across participants. Each EGNG run lasted for a total duration of 4.3 min. Subjects rated the valence of all the face pictures (neutral or negative) at the completion of the scan. Overall, participants' ratings matched our a priori picture categories well, with group mean (s.d.) matching rates of 92% (0.07) for negative and 97% (0.06) for neutral pictures across the 2 days. There was no significant rating difference between days for either negative (t 18 ¼ -0.850, P ¼ 0.41) or neutral (t 18 ¼ -1.202, P ¼ 0.246) pictures. Picture rating data from three participants were lost due to technical problems.
Biochemical and physiological measures
Salivary cortisol was collected during three points in our protocol: before the participant entered the scanner, at the midpoint of the scanning session and immediately after the participant exited the scanner. Participants were given a Salivette (Sarstedt AG & Co., Germany) and were instructed to place it in their mouth for 90 s. Salivettes were sealed immediately after each collection and placed in frozen storage at the end of the scanning session. Samples were freed from mucopolysaccharides and other residuals by three freeze-thaw cycles followed by centrifugation. Salivary cortisol levels were assessed with solid-phase Coat-A-Count 125 I radioimmunoassays for Cortisol (TKCO) provided by Siemens Healthcare Diagnostics (Los Angeles, CA, USA). The procedures were identical to our previous work (Schultheiss and Stanton, 2009; Stanton et al., 2009) . Assay reliability was evaluated by including control samples with known hormone concentrations in each assay (Bio-Rad Lyphochecks from Bio-Rad Laboratories, Hercules, CA, USA). Analytical sensitivity (B 0 À3 s.d.) was 0.02 ng/ml. The intra-assay cortisol coefficients of variability (CV) for samples of known concentration was 14.4% (1.5 ng/ml) and 4.1% (3.5 ng/ml). Participants' three saliva samples were counted in duplicate and had a mean intra-assay CV of 5.96%.
Heart rate and respiration rate were continuously monitored during scanning using a pulse oximeter and a chest belt, respectively (Biopac Systems, Goleta, CA, USA). Image acquisition and analysis All images were acquired with a 3.0 Tesla GE MR750 scanner at the Duke-UNC Brain Imaging and Analysis Center. After an initial localizer scan was completed, a T1-weighted spoiled gradient-recalled echo anatomical image (matrix ¼ 256 Â 256 Â 180, 1 mm 3 ) was acquired with slices in the horizontal plane parallel to the anterior and posterior commissures (AC-PC) line. The 5 min resting state and stress/mindfulness induction tasks were acquired with an arterial spin labeling sequence to investigate individual differences in baseline perfusion level (results were not included here). For the functional (EGNG task) runs, we acquired 34 slices of images in the AC-PC plane using a SENSE inverse-spiral pulse sequence. Our sequence was composed of time to echo (Echo Time
3 ). All analysis was carried out using FMRI Expert Analysis Tool Version 5.92, part of the FSL analysis package (FMRIB's Software Library; www.fmrib.ox.ac.uk/fsl). The following standard preprocessing steps were taken: removal of non-brain signal outside the head using the Brain Extraction Tool, slice-time correction, co-registration, motion correction, normalization, spatial smoothing (5 mm FWHM) and high-pass filtering (1/60 Hz). The general linear model (GLM) was used at the first-level analysis including the following explanatory variables (EVs) with scrambled image trials as the baseline: correct go trials, error go trials, correct no-go trials and error no-go trials. Our data analyses in higher levels were focused on the correct EV constructed contrasts: negative vs neutral go and negative vs neutral no-go. We also subsequently analyzed response to negative go and negative no-go to ensure that significant results were induced by negative rather than neutral stimuli. The within-subject between-day differences (induction effect) for each EV were computed at the second level using a fixed-effect model. The induction effect for each subject was input for the third-level group analysis using random effect model (FLAME1). To examine the association of self-reported mindfulness (a FFMQ facet) and rumination (RRS) with the blood-oxygenationlevel-dependent (BOLD) signal, we also input each subject's demeaned value for these measures as regressors in the GLM model. For all analyses, significance was determined using a voxel significance level of z > 2.3, with a whole-brain-corrected cluster significance threshold of P < 0.05. Each significant cluster from our regression analyses in the thirdlevel analysis was extracted as Region-of-Interest (ROI). Given that the significant clusters of bilateral insula extended to IFC, only voxels of significant cluster within anatomically defined insula region (Harvard-Oxford probability Atlas with probability of insula > 25%) were used for the insula ROI. The mean signal strength with each ROI for each subject was calculated using FSL's featquery tool. The ROI values were used for illustrative purposes from the whole-brain analysis and to test for significant relationships on a different data set (e.g. defining ROIs from the mindfulness day analysis and doing significance testing on the stress day).
RESULTS

Task validation and behavioral results
Validation of the stress induction and mindfulness tasks There was no pre-scan difference between the 2 days in positive affect as measured by the PA scale of the PANAS, t 18 ¼ -0.04, P ¼ 0.97, negative affect as measured by the NA scale of the PANAS, t 18 ¼ -0.15, P ¼ 0.88, or state anxiety as measured by the state STAI, t 18 ¼ -0.79, P ¼ 0.44. The physiological measures during the induction period and self-ratings validated our stress and mindfulness tasks. Specifically, average salivary cortisol and heart rate across the three time points were higher for stress induction than the mindfulness task ( Table 1) . As expected, stress ratings were higher following the stress task than the mindful breathing task (Table 1; Figure 2 ).
Behavioral performance on the inhibition task and the influence of trait mindfulness and rumination Task performance accuracy on the experimental days is reported in Table 1 . Repeated measures analysis of variance on task performance accuracy using day (stress and mindfulness), emotional valence (negative and neutral) and task (go and no-go) as predictors revealed a significant emotional valance effect (F 1,36 ¼ 40.13, P < 0.01). Participants had worse behavioral performance (i.e. poorer inhibitory control) to negative than neutral stimuli (Bonferroni post hoc test, t ¼ -6.37, P < 0.01) across task conditions and across the 2 days, without task or day interactions.
Multiple regression analysis revealed that among the five facets of the FFMQ, only non-reactivity was significantly and inversely correlated with rumination and perceived stress (Tables 2 and 3; Figure 3 ). Therefore, we further studied whether non-reactivity demonstrated a protective effect from stress and negative bias, particularly from poor inhibition accuracy to no-go negative stimuli. First, individuals higher in non-reactivity showed slower respiration rate during performing the stress induction task (Table 3) . Second, non-reactivity was inversely correlated with negative bias (no-go neutralnegative, r 16 ¼ -0.55, P ¼ 0.03) following the stress task but not following the mindful breathing task (no-go neutral > negative, r 16 ¼ 0. 21, P ¼ 0.45). Third, after both stress and mindful breathing tasks, higher non-reactivity was correlated with better inhibition accuracy rate for negative images (stress, r 16 ¼ 0.53, P ¼ 0.03; mindfulness, r 16 ¼ 0.50, P ¼ 0.05) Mindfulness in protection from stress and negative bias SCAN (2013)but not for neutral images (stress, r 16 ¼ -0.06, P ¼ 0.83; mindfulness, r 16 ¼ -0.09, P ¼ 0.73). Therefore, the inverse correlation between non-reactivity and negative bias scores under stress was due to improved accuracy for negative images, not impaired performance for neutral images. In summary, our subtle stressful task vs mindfulness task did not support a significant day Â emotional valence Â task interaction effect on negative bias. Rather, we found an effect of individual differences associated with non-reactivity on negative bias under stress.
To further explore individual differences in performance of inhibition control, we compared negative bias (the inhibition accuracy difference between neutral and negative no-go stimuli) between individuals with high non-reactivity and individuals with low non-reactivity using a median split of non-reactivity scores. Indeed, participants with high non-reactivity had less negative bias than those with low non-reactivity under the stress condition (two-sample t-test, t 14 ¼ 2.72, P ¼ 0.02), but not under the mindfulness condition (two-sample t-test, t 14 ¼ 1.54, P ¼ 0.15). These findings together demonstrated a protective effect of non-reactivity on stress-induced negative bias.
Neuroimaging results
Main effect of the emotional inhibition task and main effect of stress induction and mindfulness tasks
The primary contrasts of interest were negative > neutral go trials (i.e. reactivity to negative stimuli) and negative > neutral no-go trials (i.e. inhibition and/or reactivity to negative stimuli). Across the 2 days, the following brain regions showed a main effect of activation to the negative > neutral go contrast: dorsomedial prefrontal cortex, bilateral inferior-orbital frontal area (IFC/OFC, BA47), bilateral anterior insula and right visual cortex area. For the negative > neutral no-go contrast, activation was found in bilateral inferior frontal (IFC) and inferior frontal-orbital area (IFC/OFC, BA47), bilateral anterior insula, bilateral middle temporal cortex and occipital-temporal junction area (supplementary Table1). The activation to negative > neutral go and no-go contrasts overlapped in bilateral insula (supplementary Figure 1) indicating an association of the insula with negative information processing.
We did not find any significant difference in brain activation following stress vs mindfulness task with either of the contrasts. Given our prior interest in affective-processing-related regions, we conducted an exploratory ROI analysis on structurally defined amygdala using the Harvard-Oxford probability Atlas (voxels with probability >25% as amygdala). The analysis revealed that following the stress task, amgydala activation to negative > neutral go contrast was significantly greater than activation to negative > neutral go contrast following the mindful breathing task (neg-neu go contrast, paired t-test, right amygdala, t 16 ¼ 2.32, P ¼ 0.03; left amygdala, t 16 ¼ 0.57, P ¼ 0.57, supplementary Figure 2 ). There was no significant difference in amygdala activation in response to negative > neutral no-go stimuli following stress vs mindful breathing task.
Correlation of non-reactivity and rumination with the emotional inhibition task
To understand the association of non-reactivity and rumination with neural responses to inhibition accuracy, we conducted regression analyses on negative and neutral stimuli independently. Following the mindful breathing task, whole-brain voxelwise regression analyses revealed that higher non-reactivity was not associated with activation in Fig. 2 Stress levels following the stress and mindful breathing tasks across runs (left) and heart rate (upper right) as well as respiratory rate (lower right) during the stress and mindful breathing tasks. *paired t-test between the stress and mindful breathing task within a run, P < 0.005; **paired t-test between the stress and mindful breathing task within a run, P < 0.001. the IFC, rather it was negatively correlated with brain activation in the bilateral anterior insula in response to the negative no-go trials and in the left insula in response to negative go trials during the EGNG task (Figure 4 ; Table 4 ). The scatter plot from the ROI analysis confirmed that the regression was not driven by outliers (Figure 4) . On the contrary, rumination was correlated positively with activation in bilateral anterior insula for negative go trials. Following the stress task, whole-brain analyses did not reveal any correlations between brain activation with non-reactivity or rumination. Given our interest in stress-induced neural responses, we used the significant clusters of Fig. 4 The relationship among insular activation, trait non-reactivity, and trait rumination. Top panel image (left): significant clusters from voxelwise whole-brain analysis revealing a negative correlation between non-reactivity and activation in the left insula while engaging in negative stimuli (negative go) after the mindful breathing task. Top panel scatterplots: results from ROI analyses to illustrate correlation between non-reactivity and left insula activation after mindfulness (middle) and correlation between rumination and left insula activation after stress (right). Bottom panel image (left): significant clusters from whole-brain voxelwise analysis revealing negative correlation between non-reactivity and activation during inhibiting negative stimuli (negative no-go) after the mindful breathing task. Bottom panel scatterplots: results from ROI analyses to illustrate correlation between non-reactivity and left insula activation after mindful breathing (middle) and correlation between rumination and left insula activation after stress (right). Note that the left insula ROI in each scatterplot was the significant cluster in the whole-brain analysis revealing a negative correlation between non-reactivity and activation in the left insula while engaging in both negative go and negative no-go stimuli after the mindful breathing task (top left brain image). Only the voxels of the significant cluster within anatomically defined insula region (Harvard-Oxford probability Atlas with probability of insula >25%) were used as the insula ROI. The mean signal strength within this left insula ROI for each task condition for each subject was calculated using FSL's featquery tool. The Pearson's correlation coefficients were computed for the correlation between insular activation and non-reactivity/rumination using a statistical threshold of r > 0.5 and P < 0.05 (two-tailed). Mindfulness in protection from stress and negative bias SCAN (2013)the left and right insula identified post mindful breathing task as ROIs to conduct regression analyses following the stress task. We found that rumination was correlated positively with activation in the left anterior insula for negative no-go trials (Figure 4 ). No significant correlation was found between non-reactivity or rumination with brain activation in response to neutral go or neutral no-go stimuli. Furthermore, using a multiple regression model, we found that the correlation of trait rumination with activation to negative no-go stimuli, but not with activation to neutral no-go stimuli, explains the significance of the regression (F 1,15 ¼ 5.33, P ¼ 0.02; negative no-go, t ¼ 3.26, P ¼ 0,007; neutral, t ¼ 1.04, P ¼ 0.31). No significant differences were found between negative and neutral contrasts in response to go stimuli following either the stress or mindful breathing tasks.
DISCUSSION
The aim of the study was to examine whether and how specific facets of mindfulness play a protective role against depression vulnerability. We found that, among the five facets of the FFMQ, higher non-reactivity was inversely correlated with depression vulnerability, indicated by low rumination and less negative bias (i.e. better ability to inhibit a behavioral response to negative emotions). On the neural level, we did not find a significant correlation between non-reactivity and activation in the right IFC. Instead, non-reactivity was negatively correlated with activation in the left anterior insula during inhibiting and engaging in negative stimuli after the mindful breathing task, whereas rumination was positively correlated with activation in bilateral anterior insula activation after the stress task. These findings indicate that trait non-reactivity is a critical component of mindfulness that could protect against negative bias by reducing automatic emotional responding to negative stimuli reflected by reduced anterior insula activation under stress. Taken together, the data suggest plausible psychological and neural mechanisms that could explain how a specific facet of mindfulnessnon-reactivity to negative stimulimight buffer vulnerability to depression. There are studies which have found greater cortical thickness in meditators compared with non-meditators in the right insula (Lazar et al., 2005; Hölzel et al., 2008) and other regions. Using different cognitive and affective paradigms, increased and decreased insular activation has also found to be associated with dispositional mindfulness or post-intervention mindfulness (Kumar et al., 2008; Ives-Deliperi et al., 2010; Slagter et al., 2011; Zeidan et al., 2011) . To our knowledge, this study is the first to examine the neural mechanisms for subcomponents of mindfulness in protection against negative bias. The majority of neuroimaging studies on mindfulness in the literature used a unified score to measure mindfulness and have found increases in activation in attentional and executive function regions such as the superior/inferior parietal lobe (Brefczynski-Lewis et al., 2007) , dlPFC and dorsal anterior cingulate cortex (Farb et al., 2007; Ives-Deliperi et al., 2010; Manna et al., 2010) . However, in our examination of facets of mindfulness as measured by the FFMQ, we did not find a correlation between non-reactivity and activation in the executive control regions (dlPFC or IFC). Rather, non-reactivity was correlated with less activation to negative stimuli in the insula. Non-reactivity is the tendency to notice thoughts and emotions without getting engrossed in them and without reacting automatically (Baer et al., 2006) . We did not find support for a relationship between non-reactivity and effortful 'top-down' regulation of negative bias. Non-reactivity may reflect less automatic emotional response via less activation in the anterior insula.
There is ample evidence supporting the insula as the interoceptive cortex representing emotional arousal, feelings, empathy and internal body state and reflecting visceral states associated with emotional experiences (Damasio et al., 2000; Craig, 2003; Critchley et al., 2004; Singer et al., 2009) . Low insula activation to negative stimuli in our study suggests that individuals with high non-reactivity scores may possibly use interoception to regulate automatic emotional responding. This result is consistent with recent experimental evidence linking trait mindfulness and decreased emotional reactivity (e.g. Brown et al., 2012) . The amygdala is often activated by emotionally salient stimuli and has been associated with emotional arousal. The fact that non-reactivity was associated with insula activation but not amygdala activation also supports our speculation that non-reactivity is effective through interoception to regulate automatic emotional responding.
Our overarching hypothesis is that different mindfulness skills are related to different cognitive processes as they relate to emotional responding (Slagter et al., 2011) . Each facet of mindfulness may have its own neural mechanism and confer different cognitive or emotional benefits. Our study does not imply that non-reactivity is superior to other facets of mindfulness. Rather, we recognize that non-reactivity was uniquely related to rumination and negative bias in this relatively small sample of healthy young males, which indicates its potential usefulness protecting against stress and depression vulnerability. Our findings warrant future studies in both males and females to confirm these results.
The major limitation of the study is that although we found a significant correlation between non-reactivity and insula activation to negative go and no-go stimuli, but not to neutral go or no-go stimuli, we did not find the correlation using the direct negative > neutral contrast in the whole-brain voxelwise analysis. Rather, the inverse relationship we found between nonreactivity and activation in the insula in the whole-brain voxelwise analysis was confirmed in a post hoc multiple regression analysis with the insula ROI (F 1,15 ¼ 6.19, P ¼ 0.01; negative no-go, t ¼ 3.27, P ¼ 0.007; neutral, t ¼ 1.35, P ¼ 0.20). Because the post-hoc test on the insula activation can increase type I error, our finding that nonreactivity influences processing of negative but not neutral stimuli needs to replicated. Therefore, to further confirm whether non-reactivity was associated with negative bias on the behavioral level, future studies using larger sample size are necessary.
Another caveat of the study is that although we requested participants abstain from smoking (which might increase participants stress level for smokers), we did not include formal smoking measures. The study also lacked ratings of stress at baseline before the stress or mindful breathing tasks. This omission prohibited us from drawing conclusions about a specific stress-inducing effect of the stress task and/or stress-reducing effect of the mindful breathing task. However, our measures of positive and negative affect, state anxiety, heart rate and respiratory rate and cortisol were all comparable at baseline, which indicated that the pre-task stress levels were likely comparable between the two task sessions.
We did not formally collect information regarding prior mindfulness meditation experience, although the majority of study participants informally mentioned that they were meditation naive. Future studies should consider measuring the relationship between past mindfulness experience, trait mindfulness, and task-based measures of negative bias. In addition, future studies could compare training in mindfulness skills (e.g. non-reactivity) vs other emotion regulation skills, such as reappraisal, in novices to clarify the neural mechanisms associated with different pathways to reducing negative bias.
In summary, this study is unique in that it suggests the trait non-reactivity facet of mindfulness offers cognitive protection from rumination and negative bias on a task explicitly involving the interaction of emotion and cognition, and does so using a region of the brain traditionally involved with interoceptive awareness. These results suggest that cultivating non-reactivity through formal meditation practice or other mindfulness training techniques could offer protection from depression. Thus, current or new interventions may benefit from adding or increasing components that foster non-reactivity through mindfulness practices.
